concentrations up to 250 mol/L (mean difference ranging from Ϫ1% to 5%).
Biological evidence of myocardial ischemia remains a diagnostic challenge. Detection of IMA appears to be a promising tool for myocardial ischemia detection in patients with no increases in troponin (1, 2 ) . However, before IMA can be routinely used in clinical practice several questions, including its cardiospecificity, upper reference limit, and albumin relationship, must be answered. This work attempted to answer some of these questions. Release of biological markers from skeletal muscle is a major concern for specific myocardial damage detection. Thus, IMA tested under skeletal muscle ischemia conditions is an appropriate model. To date, only Apple et al. (4 ) have analyzed IMA in such conditions, showing increased basal IMA values in 31% of marathon runners, a drop to baseline values immediately after a marathon, and a return to increased values in 63% of cases 24 -48 h thereafter. Skeletal muscle and gastrointestinal ischemia was implicated as a cause of such delayed increases in IMA values. However, this model of extensive, long-duration skeletal muscle ischemia likely does not reproduce the events occurring during myocardial ischemia.
The forearm ischemia test model, in which transient but complete blood flow occlusion is produced and skeletal muscle works under such conditions, produces skeletal muscle ischemia and is more analogous of myocardial ischemia. In the current study, during the forearm ischemia test, a significant decrease in IMA occurred 1-5 min after exercise, with recovery to basal values thereafter. Mean IMA values were always below our laboratory's 95th reference percentile, and only 9% of the analyzed samples were above this limit. However, our 95th reference limit of 101 kilounits/L was 20% higher than the 85 kilounits/L stated by the manufacturer. This is in accordance with the manufacturer's recommendation indicating the need for reference values derived from populations with the same characteristics as patients to be evaluated with the test. However, it should be noted that the small size of our reference population could also have influenced our 95th percentile.
Forearm exercise in ischemic conditions promoted sharp increases in lactate (fivefold) and ammonia (sevenfold). Because these increases occurred simultaneously with IMA decreases, possible interference of both metabolites on the ACB test was assessed. Addition experiments using a serum pool with both lactate and ammonia added produced different results. IMA values remained unchanged throughout increasing concentrations of ammonia. However, as lactate concentrations increased, IMA values decreased. Final lactate concentrations of 3-11 mmol/L reduced the initial IMA value by 7-25%, whereas concentrations of 4 and 5 mmol/L, which can be observed in clinical practice, decreased IMA values by 8% and 9%, respectively. Although an effect of lactate on the ACB test at plasma lactate concentrations within reference values could be negligible, our data suggest that lactate could interfere in the ACB test. In patients with increased lactate concentrations, decreasing true IMA values might decrease the diagnostic sensitivity. The potential of an interesting finding was the strong negative association between albumin and IMA values. Each 1 g/L change in albumin within the physiologic range of albumin (35-45 g/L) produced an opposite change of 2.6% in IMA values. This could partly explain IMA differences between populations, such as those observed between our reference value and that stated by the manufacturer. However, the contribution of interinstrument differences cannot be ruled out as a reason for such a difference. It could also suggest the need to evaluate IMA values together with those of albumin to avoid possible false-positive or -negative values in individuals with hypo-or hyperalbuminemia.
We are indebted to Ischemia Technologies for supplying part of the reagents used and to Christine O'Hara for editorial assistance. The work was supported by Grant C03/01 from Instituto de Salud Carlos III (Spain). In normal human pregnancy, the uterus and its arterial system, including the decidua and the adjacent third of Clinical Chemistry 50, No. 6, 2004 the myometrium, are invaded by cytotrophoblasts (1, 2 ) , which initiate conversion of the decidual vascular system from a high-pressure/low-flow system to a low-pressure/high-flow system that meets the needs of the fetus and placenta (3 ) . The trophoblastic invasion in humans occurs between weeks 8 and 18 of pregnancy (4 ) . The invasion process into the uterus shows many similarities to the invasion of malignant cells during metastasis in that both types of cells have to pass through a basal membrane (5 ) . One of the most important diseases of pregnant women, preeclampsia, is known to be associated with a failure of complete trophoblastic invasion in the first third of the myometrium (6 ) .
DNA Methylation Changes in Sera of Women in Early Pregnancy
Epigenetic alterations, including changes in DNA methylation status, are among the most common molecular alterations in human neoplasia (7 ) . DNA methylation changes are also involved in mammalian development, starting with a wave of demethylation during cleavage, followed by genome-wide de novo methylation after implantation (8 ) . Recently, Ohgane et al. (9 ) reported that the differentiation of a trophoblast lineage is associated with DNA methylation and demethylation. In many cases, aberrant methylation of the CpG island genes has been correlated with a loss of gene expression, and it has been proposed that DNA methylation provides an alternative to gene deletion or mutation for the loss of gene function (7 ) . Moreover, it is now widely known that methylated DNA can be detected in various body fluids, including serum and plasma, and that the methylation status of some genes can be used for early detection of, or even risk assessment for, various types of human neoplasia (10 ) .
Cell-free fetal and maternal DNA can be detected in the maternal bloodstream (11 ) and is reported to be robust and easy to obtain (12 ) . Cell-free fetal DNA in maternal plasma seems to be of importance in noninvasive prenatal diagnosis (13 ) and in the diagnosis of some pregnancyassociated diseases, such as preeclampsia (14 ) . Recently, Poon et al. (15 ) reported the first use of differential DNA methylation in maternal plasma to detect fetal DNA. The cellular origin of the increase in total plasma DNA is unclear at present, but Chan et al. (16 ) speculated that fetal DNA may be released into the plasma by trophoblasts, whereas maternal DNA may be released into the circulation by the decidua.
In this proof-of-principle study we addressed the question of whether the methylation pattern in the serum of pregnant women early in pregnancy of genes known to be involved in the invasion process shows similarities to the methylation pattern in patients with invasive cancers. We also asked whether such an invasion-specific methylation pattern in serum shows differences between women with normal pregnancies and women developing preeclampsia-a disease known to be accompanied by a disturbed invasion process in the first trimester (6 ) . We chose a panel of three genes (CDH1, TIMP-3, and PTGS-2) known to play key roles in the invasion process of tumor cells (17) (18) (19) , which are often regulated by promoter hypermethylation (20 -22 ) , or in the invasion process of trophoblast cells (2, (23) (24) (25) . We also chose one gene (BLT1) involved in the regulation of immune response and regulated by promoter hypermethylation (26 ) . In addition, we selected two genes (APC and RASSF1A) known to be involved in pathways counteracting metastasis that are reported to be methylated in several human neoplasias (27, 28 ) . Recently, we were able to demonstrate that DNA sequences of these six genes are highly methylated in serum of patients with advanced breast cancer and show less methylation in primary breast cancer patients (29 ) .
We analyzed the methylation status of the abovementioned six genes early in gestation in 32 serum samples from healthy pregnant women with normal pregnancy outcomes and in serum samples from 17 healthy pregnant women who were later diagnosed with either severe preeclampsia (diastolic blood pressure Ͼ110 mmHg and 3ϩ proteinuria), eclampsia, or HELLP syndrome [gestational age at time of sampling, 10 -15 weeks (median, 12 weeks) and 6 -17 weeks (median, 12 weeks), respectively]. The serum samples were obtained during normal blood drawing for screening during the early gestational weeks. The median patient ages were 32 years (range, 19.7-41.3 years) for pregnant women with normal pregnancy outcomes and 28.5 years (range, 8.6 -42.4 years) for women who later developed severe preeclampsia, eclampsia, or HELLP syndrome. Clinical data for all included patients were analyzed anonymously, and persons performing methylation analyses were totally blinded to the clinical data.
Genomic DNA from serum samples was isolated by use of the High Pure Viral Nucleic Acid Kit (Roche Diagnostics) according to the manufacturer's protocol with some modifications for multiple loading of the DNA extraction columns to obtain a sufficient amount of DNA (29 ) . Sodium bisulfite conversion of genomic DNA and the MethyLight assay for methylation analysis were performed as described previously (30, 31 ) . Primers and probes for the analyzed genes were also as published previously (29 ) . Using the MethyLight assay, we obtained percentages of fully methylated reference values, and in this study we deemed a percentage of fully methylated reference value Ͼ0 as positive for methylation.
We detected various degrees of DNA methylation of the six loci in sera from pregnant women early in pregnancy who showed normal as well as pathologic pregnancy outcomes (Table 1) . We found statistically significant differences between the methylation status of APC in sera of women who later developed severe preeclampsia, eclampsia, or HELLP syndrome (n ϭ 17) vs healthy pregnant women (n ϭ 32; P ϭ 0.041) and an inverse trend (P ϭ 0.067) for RASSF1A methylation in sera of these two groups of pregnant women (Table 1) .
We also compared the methylation profiles of the pregnant women in early pregnancy who had normal as well as pathologic pregnancy outcomes with the methylation status of sera from 10 healthy controls, pretreatment sera from 26 patients with primary breast cancer, and sera from 10 patients with metastasized breast cancer. The sera of these patients had been analyzed previously for another reason in a recently published study (29 ) . All 10 control patients underwent core biopsies of the breast and were confirmed to have benign disease of the breast (age range, 20.5-71.5 years; median, 42.4 years). Within the group of primary breast cancer patients (age range, 36.1-83.9 years; median, 58 years), 2, 18, and 6 patients had pT1, pT2, and pT3 cancers, respectively, and 15, 10, and 1 patients had lymph node-negative, -positive, and unknown disease, respectively. The 10 patients with advanced breast cancer were diagnosed with metastases in the bone, lung, brain, or liver (age range, 49.3-68.7 years; median, 53.6 years).
We first addressed the question whether sera from the two groups of pregnant women had a methylation status different from that of healthy controls. We found strong statistically significant differences between the methylation status of PTGS2 and BLT1 in sera from pregnant women (n ϭ 59) vs healthy controls (n ϭ 10; P Ͻ0.001 for both), a statistically significant difference for RASSF1A methylation (P ϭ 0.038), a trend (P ϭ 0.051) for CDH1 methylation status, and no significant differences in the TIMP-3 and APC methylation status (Table 1 ). Looking at the methylation status of these six gene loci in sera from healthy controls vs pretreatment sera from primary breast cancer patients we found no statistically significant differences (data not shown). Otherwise, looking at various methylation changes in healthy controls compared with those in patients with advanced breast cancer revealed statistically significant differences for CDH1, PTGS2, APC, and RASSF1A methylation (P ϭ 0.013, 0.003, 0.001, and 0.005, respectively), a trend for BLT1 methylation (P ϭ 0.087), and no significant differences for TIMP-3 methylation (Table 1) .
With this proof-of-principle study we show for the first time that methylation changes in TIMP-3, CDH1, PTGS2, BLT1, APC, and RASSF1A can be detected in pregnant women. From our point of view, the most important finding is the similarity between pregnant women and metastasized breast cancer patients in the methylation changes in genes that are known to be involved in metastasis and tumor cell invasion (17-19, 27, 28 ) or even in the invasion process of trophoblast cells (2, (23) (24) (25) and in the regulation of the immune response (26 ) . As sera of those cancer patients without evidence of metastasis at the time of diagnosis lacked the methylation changes found in advanced breast cancer and pregnancy (Table 1) , we speculate that the observed methylation pattern reflects DNA release from invasive cells, specifically trophoblast cells and tumor cells.
In summary, a statistically significant difference in methylation of APC was seen in sera of healthy pregnant women and women who later developed severe preeclampsia, eclampsia, or HELLP syndrome, perhaps offering a possible tool for early detection of this severe disease in pregnancy. We also describe for the first time in a phenomenologic way that methylation changes in sera of women in early pregnancy are similar to those in sera of patients with advanced breast cancer. Further studies are needed to clarify the importance of DNA methylation in regulating the invasion process of cells in general and of trophoblast cells in particular. 
